Background: Iron deficiency and iron deficiency anemia are prevalent among pregnant women particularly in developing countries. This study aimed to evaluate the iron status among Egyptian pregnant women and its impact on their neutrophil's count and antimicrobial functions.
Method: Ninety pregnant females underwent complete blood count, iron profile, flow cytometric studies for neutrophil myeloperoxidase expression & oxidative burst using dihydrorhodamine 123 (DHR) after phorbol-12-myristate-13-acetate (PMA) stimulation as well as neutrophil phagocytic and lytic indices.
Results: According to percent saturation 54/90 women (60%) were iron deficient (<15% saturation) (cases) and 36/90 (40%) were iron sufficient (controls). A higher proportion of iron deficient pregnant women were in their third trimester compared to controls. No significant difference was found between the iron deficient & sufficient groups as regards anemia despite a positive correlation between haemoglobin level and percent saturation (P=.02). Both the phagocytic and lytic indices were significantly lower among the cases compared to controls (P=.014 & .002 respectively). Cases and controls were comparable as regards flow cytometric studies of neutrophils' myeloperoxidase and oxidative burst (P>.05). No significant correlation was found between any of the iron profile parameters and the oxidative burst by flow cytometry.
Conclusion:
Functional microphage assay (phagocytic and lytic indices) may be more relevant and cost effective than flow cytometry assays of myeloperoxidase and oxidative burst in reflecting either iron status or cellular immunity in pregnancy.
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| INTRODUCTION
Anemia and iron deficiency during pregnancy have been associated with high maternal and prenatal mortality, higher risk of infection, muscle dysfunction, intrauterine growth retardation, increased labor time, premature birth, low birth weight and low Apgar scores. 1 Iron supplementation is widely used in pregnancy starting from second trimester. 2 However, the effectiveness of iron treatment to prevent anemia remains questionable. 1 Although haemoglobin (Hb) concentration is widely used to indicate iron deficiency, it is now considered as a pseudomarker, especially in pregnancy. Studies showed presence of a broad overlap between distribution of Hb in subjects with and without iron deficiency. As regards serum ferritin, a level <12 μg/L indicates iron deficiency anemia, a level of <15 μg/L indicates body iron depletion, while a value of 15-30 μg/L indicates small iron reserves.
Therefore, serum ferritin concentration is still considered a good biomarker for iron status as it reflects the capacity of body iron reserves. Meanwhile serum transferrin receptor (TfR) reflects iron deficiency on a cellular level. 1 Studies showed that iron is important for normal development of the immune system. It is necessary for proliferation of lymphocytes 3 and regulates T-cell functions. 4 Neutrophils are other key cells in the host defense. Earlier studies showed that iron is important for the bactericidal activity of neutrophil myeloperoxidase. 5 Other studies reported that bactericidal activity of neutrophils and cell-mediated immunity are affected during iron deficiency. 4 However, some studies found no difference between the iron sufficient and iron deficient groups as regards counts of granulocytes, lymphocytes, or monocytes. 5 Clinicians are continuously re-evaluating 'classical concepts'
on the immunology of pregnancy in different clinical scenarios. 6 The effect of an additional burden such as iron deficiency is still an area of challenge in pregnancy.
This study therefore aimed to evaluate the iron status of our population of pregnant females in relation to their neutrophils' microphage functional assays and intra-cellular oxidative status. 
| SUBJECTS AND METHODS

| Subjects
| Methods
| Sample collection
Samples were collected from each patient under complete aseptic conditions (sterile vacutainers). Two mL venous blood were obtained on ethylenediamine tetra-acetic acid, dipotassium salt (K 2 -EDTA)
tubes (final concentration of 1.5 mg/mL) for CBC, preparation of Leishman-stained peripheral blood smears, ESR and flow cytometric assays. Also, 1.8 mL of venous blood were collected on a sodium citrate tube (32 gm/L) to be used for phagocytic lytic index. Two mL of venous blood were collected and used for iron profile and albumin.
| Flow cytometric assay for neutrophil myeloperoxidase expression
Peripheral blood samples were processed on the same day of sample collection. They were counted using Coulter Cell Counter and the total leukocytic count (TLC) was adjusted to be around 5.0×10 
| Flow cytometric assay of oxidative burst using DHR 123
The procedure used in this study is basically that described by O'Gorma 
| Phagocytic lytic index
Peripheral blood samples were processed on the same day of sample collection.
Separation of neutrophils
One milliliter of anticoagulated fresh whole venous blood was carefully layered on the upper gradient of a tube after 500 uL of Histopaque-1077 was layered over 500 uL of Histopaque-1119.
Tubes were centrifuged at 700 g for 30 minutes at room temperature.
Careful aspiration of each of upper mononuclear layer and lower polymorphonuclear (PMN/neutrophil) layer was done. The granulocytic layer was washed by isotonic PBS then re-suspended in PBS and used for phagocytic/lytic index.
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Phagocytic lytic index
The neutrophils were applied on a clean dry glass slide with edges sealed and the slide was incubated for 30 minutes in a humid atmosphere at 37°C. Then, the slide was flooded with opsonized candida suspension and then incubated for 20 minutes in a humid atmosphere at 37°C. This was followed by gently washing the slide with PBS to remove extracellular candida and leaving it to air dry. Slides were stained by Leishman's stain and then examined. 9 
Interpretation
| Statistical analysis
The statistical analysis of all data was performed using SPSS ver- Fisher's exact test and Yates' corrected chi-square are computed for 2×2 tables. Correlations for quantitative parameters were performed using linear correlation coefficient. Cut-off values were established using the receiver operating characteristic curve analysis (ROC curve). Statistical difference was considered significant if P <.05 & highly significant if P <.001.
| RESULTS
On classifying the subjects according to the percent of iron satura- A significant higher proportion of females in their third trimester were among iron deficient cases compared to control (P=.051).
| Comparison between cases and controls as regards to routine haematological data
Upon utilizing the first method of classification (% saturation alone), our study revealed cases to have a significantly higher absolute lym- T A B L E 1 Comparsion between cases and controls as regards to routine haematological data Upon reclassifying subjects (using % saturation and serum ferritin), no significant difference was found as regards routine haematological data (data not presented).
| Comparison between cases and controls as regards functional microphage assay and flow cytometric studies
Upon comparing cases and controls according to % saturation, our study revealed that cases had a significantly lower phagocytic and lytic indices compared to controls (P=.014 and .002, respectively).
However, there was no significant difference found regarding flow cytometric studies of neutrophils' functions (MPO expression; resting, post-stimulation or DHR 123) ( Table 2 ). According to both % saturation and serum ferritin level we found that, along with the lytic index (P=.006), only the absolute count of resting MPO positive cells (MPO abs.) (P=.006) among the flow cytometric studies was significantly higher in the cases compared to the controls (Figure 1 ). When we compared cases and control according to both % saturation and serum ferritin level, the % saturation showed a significant positive correlation with lytic index (P=.049) (Figure 2A ) and negative
| Correlations
correlations with each of lymphocyte count (P=.027) & ESR (P=.046).
The lytic index showed a significant negative correlation with each of 
MCH (P=.036) & MCHC (P=.031). Meanwhile the phagocytic index
| Performance characteristics of flow cytometric studies (MPO abs.) and lytic index in relation to iron status (using both % saturation and serum ferritin level)
The cut-off values of absolute count of MPO positive resting cells and lytic index were determined using ROC analysis. Recommended cut-off value for each parameter were determined for optimum sensitivity and specificity. The diagnostic value and area under the curve are presented in Table 3 & Figure 3 . Albeit statistically non-significant (P>.05), the phagocytic index cut-off value was below or equal to 80.6% with sensitivity, specificity, PPV, NPV and diagnostic accuracy of 60.4%, 72.7%, 78.00%, 53.3%, and 66.55%, respectively.
| DISCUSSION
Iron deficiency anemia is still a major and global public health problem.
It affects women especially at childbearing age particularly pregnant women. 11 The impact of iron insufficiency is not limited to developing anemia but also affects the immune system. 3 Our study aimed to assess the iron status in pregnancy and investigate its relation to neutrophils' microphage functional assays and intra-cellular oxidative status.
The present study revealed a preponderance of iron deficient women among those in their third trimester of pregnancy despite the standard routine administration of iron supplements. We attributed this finding to progressive increase in iron requirements during pregnancy.
This is supported by Milman's report in 2006
12 which demonstrated that iron requirements increase with pregnancy from 0.8 mg/day in the first trimester to reach 7.5 mg/day in the third trimester.
Our study revealed cases to have a lower Hb level compared to controls but the difference was not statistically significant (P=.100).
The lack of statistical significance may be attributed to a lag time, between Hb level and each of serum iron and TIBC. In our study, this correlation was found only with respect to % saturation because our populations were those of iron deficiency even without anemia while their study incorporated only anemic pregnant females.
Since all the recruited pregnant female in our study were already on iron therapy we further reclassified our study population according to both % saturation and serum ferritin level. This was based on reports recommending that in cases with normal serum iron and high TIBC or normal serum iron and high normal TIBC, serum ferritin level should be used in association with % saturation to indicate iron deficiency.
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Although the primary focus of our study was neutrophils, we found and LPS) are unable to increase ROM release from pregnancy neutrophils. Studies revealed that in non-pregnant women HMS enzymes are found at the cell periphery but in pregnant women these enzymes undergo retrograde transport to the cell microtubule organizing center. 21 In this location, HMS is under effect of glycolytic enzymes at cell periphery and can no longer metabolize glucose-6-phosphate (G-6-P) and produce NADPH. Thus, researchers concluded that intracellular trafficking of HMS enzymes complex regulates ROM production and explains its reduction in stimulated pregnancy neutrophils. 22 The other pathway that explains higher basal oxidant release in in relation to the lytic index in particular hold some importance with regard to effect of iron insufficiency on cellular immunity.
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Our study revealed no significant difference between cases and controls as regards previous infections and obstetric complications.
However, we could not reliably dismiss association of such clinical conditions with iron status since previous studies reported associations between asymptomatic bacteriuria and anemia, often refractory to treatment. They also proposed that immunosuppression in anemic women makes them more susceptible to infection. 23 From the previous data, we therefore recommend performing routine screening for silent bacteriuria in iron deficient pregnant women even in the absence of symptoms and signs. The latter recommendation could be further guided by use of the abovementioned cut-offs as indicators of subclinical iron insufficiency that could potentially affect cellular immunity.
In conclusion, functional microphage assays are good parameters for evaluating bactericidal activity of neutrophils. However, the utility of flow cytometric studies for neutrophil myeloperoxidase & oxidative burst are still uncertain especially during pregnancy.
Accumulating MPO at cell surface of pregnancy neutrophils, but not in non-pregnancy cells, may account for some functional differences that hindered utility of these tests.
In view of the present study, we recommend the following: (i) performing routine screening for silent bacteriuria in asymptomatic iron deficient pregnant women, (ii) increasing iron supplementations throughout pregnancy particularly during the third trimester, (iii) further search for alternative flow cytometric parameters that are relevant to function of neutrophils in pregnancy.
